Objective -The aim of this study is to show the effect of oxygen therapy in premature babies on the development of severe ROP. Materials and methods -This retrospective research covered a period of two years, and included 108 premature babies, with birth weight <1500 g and gestational age <33 weeks, at the Children's Ward of the University Hospital Clinical Centre, Banja Luka. The effects of the length of oxygen therapy and episodes of hypoxia and hyperoxia on the development of severe ROP were analysed. Results -ROP was present in 64 (59.2%) newborns, of which 21 (19.4%) had severe ROP. The incidence of severe ROP is statistically higher with lower birth weight, <1150 g (p<0.01), lower gestational age <30 weeks, longer oxygen therapy and when there were frequent episodes of hyperoxia and hypoxia. By multiple logistic regression analysis, a very strong connection was established between severe ROP and exposure to episodes of hyperoxia (OR 32.73; CI 4.14-255.37), episodes of hypoxia (OR 14.08; CI 3.81-51.94), and oxygen therapy longer than 10 days (OR 15.54;. For most risk factors tested, there was a strong connection between severe ROP and birth weight <1250 g, gestational age <30 weeks, respiratory distress syndrome and perinatal asphyxia. Conclusion -Long-term oxygen therapy, prematurity and low birth weight with hypoxia are important factors in the development of severe ROP. Constant education is necessary of staff regarding the potentially harmful effects of oxygen in order to prevent both hypoxia and hyperoxia.
Introduction
Retinopathy of prematurity (ROP) is an illness of the immature retina, which causes severe damage to sight in babies with low gestational age and low birth weight. Several risk factors are responsible for the development of retinopathy of prematurity, which prevent the normal development of vascularization of the retina. One of the most important is the effect of oxygen therapy in premature babies with low gestational age (1) .
Oxygen was first used in newborns who did not breathe spontaneously by Chaussier in 1780. The use of oxygen in neonatology has been routine since the 1950's, but it was quickly suspected that there was a connection between the use of oxygen and the occurrence of retinopathy of prematurity (2) .
Oxygen was blamed as the main cause of ROP, and its use was reduced, and the level of oxygen provided in the air inhaled was set at 40% (3) This led to a significant reduction in the incidence of this illness, but there was an increase in neurological and respiratory complications, as well as an increase in mortality of premature babies. Once again from 1970 the number of children with ROP increased, due to the survival of children with very low birth weight, below 1000 g, and at less than 28 weeks gestational age (2) . Continuous monitoring was introduced of oxygen concentrations through the skin using a pulse oximeter from 1980 (4) , and the more intensive monitoring began of oxygen concentrations in blood samples. After the introduction of controlled use of additional oxygen, it was shown that high oxygen levels were not the only significant risk factor for the occurrence and development of ROP. The incidence of the disease persists, indicating the effect of other factors on the genesis of ROP, which has resulted in many clinical studies (5) . The pathogenesis of ROP has still not been completely explained. Two phases of retinopathy have been described, in which a key role is played by oxygen. In the first phase of retinopathy, with premature birth the normal development of blood vessels which began in utero is interrupted. The initial damage is caused by hyperoxia, with the creation of free formations of radicals, which cause damage to the development of new blood vessels, and interrupt the normal process of angiogenesis. In the second phase of ROP, with maturity the metabolic needs of the retina increase and hypoxia becomes more expressed. Hypoxia stimulates the increased creation of Vascular Endothelial Growth Factor (VEGF) and causes pathological neovascular retinas at about 32-34 weeks gestational age (6) .
From 1980 to 1990 the treatment began of severe forms of ROP using cryotherapy, and later laser photocoagulation (7) . Recently use began of intravitreal administration of the VEGF inhibitor, bevacizumab (8) . Early complications of ROP can be halted or caused to regress by timely treatment (2) .
The aim of this study is to show the effect of oxygen therapy in premature babies on the development of severe ROP.
Materials and methods
Over a two-year period, a retrospective study was undertaken at the Children's Ward of the University Hospital Clinical Centre, Banja Luka. We selected 108 premature babies who met the criteria for the ophthalmology screening program for ROP. For the study, babies were excluded who had major congenital malformations, chromosome anomalies and newborns who died before the ophthalmology examination. The subjects were divided into 3 groups: newborns without ROP; newborns with stage I and IIROP; newborns with severe ROP requiring surgical intervention.
Screening for ROP was undertaken in premature babies of gestational age <33 weeks and birth weight <1500 g, and in newborns with additional risks for development of ROP. The criteria of ophthalmology screening for retinopathy of prematurity were accepted according to those proposed by the American Academy of Pediatrics (9) . At-risk premature babies were selected for screening by paediatrician-neonatologists. Maximum mydriasis was achieved using 0.5% cyclopentolate eye drops and immediately before the examination the anaesthetic benoxinate at 0.4%. The examination was performed using an indirect binocular ophthalmoscope and 20 D magnifying lens. For a better view of the peripheral parts of the retina an indentor was also used. During the screening the development was monitored of the blood vessels in the retina, and premature babies with severe cases of retinopathy of prematurity were separated out, where treatment prevented the further progress of the pathological process (2) . The anatomical classification of the scope of localization, extent and stage of the pathological changes to the vascularization of the retina was according to the International Classification of Retinopathy of Prematurity, ICROP) (9) . For each newborn with ROP, the age at which ROP was detected, the maximum stage of ROP and the treatment of ROP were defined.
All premature babies underwent continuous monitoring of percutaneous values of arterial haemoglobin oxygen saturation (SaO 2 ) using a pulse oximeter. For measurement of saturation a NellcorOxiMax N-560 pulse oximeter was used, with an OXIMax sensor, or a Patient Monitor YM6000 with an Oximax sensor. Additional oxygen was administered to maintain SaO 2 <92% measured by the pulse oximeter. Oxygen is used in treatment in the form of a controlled increase in concentrations of inspired oxygen (using a diffusion atmospheric incubator or "hood"), non-invasive positive pressure ventilation using nasal CPAP or biphasic mode ventilation, with Infant Flow SiPAP, Viasys Healthcare apparatus, and conventional mechanical ventilation, using Dräger Babylog 8000 apparatus. Respiratory therapy includes: the duration of oxygen therapy and the type of respiratory support. The duration of use of oxygen is expressed in days, and for mechanical ventilation, whether it was used or not.
Gas analysis and acid base status were established from samples of capillary blood from the heel, by a ABL 800 FLEX machine. The values of gas analysis -haemoglobin oxygen saturation, partial pressure O 2 and CO 2 and pH were established 1-4 times a day, depending on the child's clinical status. Hyperoxia is defined as values of pO 2 >12 kPa and more, and hypoxia as values of pO 2 <5.3 kPa. A significant number of hyperoxia episodes was defined as 10 or more episodes. The average oxygen fraction in the inspired air in the first two weeks of life was established in order to assess the severity of lung damage.
The degree of respiratory distress syndrome (RDS) was assessed on the basis of clinical and radiology findings of the lungs, classified according to Bomsell, from I-V. Newborns with severe RDS were given a surfactant. Perinatal asphyxiation was assessed on the basis of the clinical picture, the Apgar score and the acid base status. The Apgar was determined by the obstetrician in the labour ward in the case of vaginal delivery, and by the paediatrician-neonatologist in the case of Caesarean delivery. Perinatal asphyxia, respiratory distress syndrome and apnoea were considered to be present or absent. The demographic data analysed were: gestational age in weeks, birth weight in grammes and gender.
Statistical analysis
For the sake of data analysis, the statistical package SPSS for Windows 20.0 was used. Data were processed using descriptive statistical methods. Univariate comparison of risk factors between groups without ROP, newborns with ROP not requiring surgery and severe ROP was performed using the Student T-test and the Hi-square test with the level of significance at p<0.05. Multivariate logistic regression was used to assess predictive factors for development of ROP. The odds ratio and a 95% confidence interval for each risk factor were calculated.
Results
Ophthalmology screening for ROP encompassed 108 premature babies, 60 males (55.5%) and 48 (44.4%) females. The first ophthalmology screening examination in all newborns was performed at between 31 and 37 gestational weeks. ROP was present in 64/108 (59.2%), of which 21/108 (19.4%) had severe ROP, and the results were normal in 44/108 (40.7%).
The birth weight of newborns with severe ROP was 1154.3±224.9 and gestational age and if the premature babies suffered perinatal asphyxia and had frequent apnoea. The incidence of severe ROP is statistically significantly more frequent with more severe levels of respiratory distress due to Hyaline Membrane Disease (p<0.05) ( Table 2) .
In newborns who underwent oxygen therapy longer there was a statistically highly significant (p<0.001) greater incidence of severe ROP. The average oxygen fraction value was analysed in the inspired air (FiO 2 ) in the first two weeks of life in all premature babies. We conclude that the incidence of severe ROP is significantly greater (p<0.05) in newborns who receive high concentrations of oxygen in the air they breathe. Also, it was established that frequent episodes of hyperoxia and hypoxia were highly significantly more frequent (p<0.001) in newborns with severe ROP (Table 3) .
A multiple logistic regression model was designed for risk factors and it was established that there was an extremely strong connection between severe ROP and exposure to oxygen therapy, episodes of hyperoxia (OR 32.73; CI 4.14-255. 37 
Discussion
This study confirms that ROP still occurs in a significant number of premature babies. The use of oxygen and episodes of hyperoxia and Table 3 Oxygen exposure of preterm infants hypoxia in premature babies with low birth weight are not the only or most important risk factors, but testing the effect of oxygen as an aetiological factor for the development of ROP is still important. ROP is a potentially serious condition which may lead to blindness, and in its treatment long-term monitoring is necessary due to the increased tendency to short-sightedness, strabismus and poor sight. For this reason all procedures that lead to a reduction in the development of severe ROP are important. Reduction of the incidence of ROP is achieved by education and changes to practice, so that controlled and limited SaO 2 is used, measured by a pulse oximeter (10). The incidence of severe ROP in our study over a two-year period was 21/108 (19.4%) premature babies who met the criteria for screening for ROP. Developing countries, which include this country, show the presence of severe ROP with higher gestational age and greater birth weight, but the incidence varies greatly (11, 12) . In our study, in the test group of newborns there was no severe ROP where the birth weight was >1460 g and gestation >31.4 weeks, but we had a smaller number of newborns under 1000 g. We can explain this by the lower survival rate of babies with very low birth weight in our conditions. Similar results were also obtained in other developing countries (13) , whilst in developed countries, severe ROP occurs in babies with very low birth weight and lower gestational age (14) .
Low gestational age was a statistically highly significant factor (p<0.01) for occurrence of ROP in our study. The average age in the group with severe ROP was 28.8±1.5 weeks. The incidence of ROP in newborns BW <1250 g was 20.3% (13/64), and with BW >1250 g the incidence was 12.5%. All studies point out that a significant risk factor is premature birth, and the incidence of ROP increases with prematurity (15, 16) .
In our study, in newborns who underwent oxygen therapy for a longer time, the incidence of severe ROP was statistically highly significantly more frequent (p<0.01). Long-term and repeated exposure to hyperoxia is linked to bronchopulmonary dysplasia and ROP in newborns with very low birth weight. Bizzarro et al. (17) showed a significant reduction in severe ROP after the introduction of specific target values of SaO 2 , education of staff on the potential risks due to exposure to oxygen, and the introduction of new technology using pulse oximeters. Alongside hyperoxia, the duration of use of oxygen therapy is also shown in many studies as a risk factor for development of ROP (18) .
The optimum level of oxygen in treatment of premature babies is still being sought. Control of oxygenation is achieved by halting the use of high concentrations of oxygen. Lower concentrations significantly reduce the incidence of severe ROP, as shown in the study by Wrigh et al. (19) . Due to the harmful effects of hyperoxia, the attitude has changed towards the use of supplementary oxygen in resuscitation of newborns. However, on the basis of the current knowledge, resuscitation is begun with room air, and additional oxygen is used if necessary (20) . There is a large amount of evidence to show that resuscitation using room air reduces mortality and morbidity. In a recently published study, Rabi et al. (21) , monitored the consequences of resuscitation using high concentrations of 100% oxygen, titrated, moderate concentrations (30-90%) and room air, until saturation between 85% to 92% was achieved, for the occurrence of ROP. They concluded that the best results came from using titrated, moderate concentrations of oxygen.
SaO 2 provides information about the adequacy of respiratory function, and can be assessed non-invasively using a pulse oximeter. In all premature babies in our study, who were on oxygen therapy, SaO 2 was constantly monitored and was <92%. The importance is well-known of using a pulse oximeter in continuous assessment of SaO 2 , and in recent studies the importance of the technical improvement and sensitivity of the apparatus has been shown. Castillo et al. (10) recommend the maintenance of a constant level of saturation in premature babies <1250 g, in order to reduce hyperoxia, which would have a significant effect on reducing the incidence of severe ROP. The precision of measurement of SaO 2 is insufficient in critically ill newborns and where there are high values of partial pressure oxygen in the blood.
In most studies the value of SaO 2 in premature babies at <32 GW is between 89-94%, in some it is 85-95%. The use of controlled and limited SaO 2 induced a reduction in the incidence of severe ROP (22) , but there was an increase in mortality (23). Wallance et al. (24) tried to establish the incidence of severe ROP with the use of slightly reduced levels of oxygen saturation of 90-96% in the first few weeks of life. They noticed that there was a low statistical significance in the reduction of the incidence of severe ROP with the use of slightly lower oxygen saturation. In a recently published study, Waldemar et al. (25) , observed in premature babies born at 24-27 GW the effect of the use of lower oxygen saturation (85-89%), in comparison with higher levels (91-95%) on the development of ROP. They did not notice a reduction in ROP with the use of lower oxygen saturation, but they did notice an increase in mortality. A restrictive approach to oxygen therapy requires prospective monitoring and an assessment of the benefits and harm, in major meta-analysis studies (26) . Recently published studies recommend the use of supplementary oxygen in premature babies with gestation ≥32 GW during the first few weeks of life, with lower oxygen saturation (85-93%), whilst later than ≥32 GW they should have higher oxygen saturation (94-99%). This approach to treatment with oxygen is accompanied by a reduction in the risk of occurrence of severe forms of ROP (23, 26) .
In our study, we established that the incidence of severe ROP was significantly higher (p <0.05) in babies who received higher concentrations of oxygen during the first two weeks of life (Table 3) . Similar results to ours were presented in the study by Al-Essa et al. (27) . Hauspurg et al. (28) found that high concentrations of oxygen and carbon dioxide in the blood and low pH were accompanied by an increased risk of development of ROP. Further research is needed to explain the connection between oxygenation, ventilation and acidosis.
The results of our study show that premature babies who received oxygen and who had frequent episodes of hyperoxia and hypoxia, had a severe form of ROP statistically highly significantly more often (p<0.01). Exposure to hyperoxia, even for a short time after birth may lead to oxidative stress, which can result in apoptosis and the death of cells. Wangsa-Wirawan et al. (29) published that tissue damage was induced by both hyperoxia and hypoxia. A great deal is known about the short-term and long-term consequences of hyperoxia, but not so much about the effects of hypoxia. Experiments have shown that fluctuations in oxygen saturation in arterial blood, even within values considered to be normal, may increase the incidence of ROP, but also reduce it (30) .
In our study, long duration of use of mechanical ventilation was significantly more frequent (p<0.05) in the group of newborns with severe ROP (Table 3) . Many authors point out that longer use of mechanical ventilation is associated with the development of severe forms of ROP (16, 31, 32) . In a recently published study, Finer et al. (33) showed the lower incidence of ROP with restricted use of mechanical ventilation, and with the use of non-invasive positive pressure ventilation. In our study, the incidence of respiratory distress due to Hyaline Membrane Disease was greater (p<0.05) in newborns who developed severe ROP. In many studies it has been confirmed that RDS is linked to the development of ROP (16, 34, 35) .
Using multiple logistic regression analysis, we obtained predictive factors with a strong connection to the occurrence of severe ROP, which are: exposure to long-term oxygen therapy (OR, 15 (16) . There is a slightly lesser connection with the development of severe ROP and lower birth weight, lower gestational age, RDS and perinatal asphyxia.
In a paper from 2014, Vento (36) showed, in 5000 newborns with very low birth weight and gestation <28 GW, that premature babies who have SaO 2 in the region of 91-95% up to 36 GW, have significantly lower mortality and fewer severe disabilities than newborns with low SaO 2 (85-89%). It is still not known whether SaO 2 should be constant during this post-natal period, or if it should be reduced or even increased during infections, stagnation in growth, ROP and BPD. A prospective multi-centric protocol is being drawn up for neonatal oxygenation, which will provide guidelines for the use of the most reliable concentrations of oxygen (37) .
The key guideline for a reduction in the incidence of ROP is avoiding hyperoxia early in the life of newborns (35, 38) . Premature babies should be resuscitated with an oxygen mixture (30-90%) so that saturation is gradually increased in the first 10 minutes of life (39) . It is recommended to keep SaO 2 values constant over the first few weeks of life, but not below 90% (26) . Further research is needed to establish a combination of various methods that may be used to reduce mortality, alongside a reduction in the incidence of severe ROP (40) .
Conclusion
In our study, several risk factors were seen to cause the development of ROP: long-term oxygen therapy, hyperoxia, hypoxia, low gestational age and low birth weight. Also, the illnesses that develop in premature babies through mechanisms related to oxygen cause the development of severe ROP are: respiratory distress syndrome, frequent apnoea and perinatal asphyxia. It is necessary to work on the prevention of premature birth, and use oxygen therapy and mechanical ventilation sensibly, and in this way it is possible to reduce the incidence and severity of ROP.
